In Vitro Antidiabetic And In Vivo Post Prandial Hyperglycemic Response Profile Of Gongronema Latifolium (Utazi) Leaves In Wistar Rats
ABSTRACT
	Aims: Diabetes mellitus affects a greater number of the populace and requires a more reliable and affordable treatment. This study aimed to evaluate the antidiabetic potential of Gongronema latifolium (utazi) leaves through in vitro and in vivo investigations as a possible natural therapeutic alternative.
Study Design: A combined in vitro and in vivo experimental design was adopted. Enzymatic inhibition and glucose uptake assays were conducted in vitro, while in vivo experiments utilized Wistar rats administered with aqueous extracts and feed formulations containing dried G. latifolium leaves.
Methodology: In vitro assays evaluated α-amylase inhibition and glucose uptake spectrophotometrically. Aqueous extracts of G. latifolium at 0.25 mg/kg and 0.5 mg/kg doses were administered to potato starch loaded Wistar rats. Postprandial and fasting blood glucose levels were determined and compared with standard controls, including acarbose and metformin.
Results: The extract exhibited significant α-amylase inhibition (50.95 ± 4.18% at 2 mg/mL), exceeding that of acarbose (36.12 ± 0.81%). Glucose uptake studies showed enhanced yeast glucose reabsorption (84.01 ± 0.00% at 25 mM), comparable to metformin (81.52 ± 0.04%). In vivo, G. latifolium reduced postprandial glucose levels by 42.44% relative to the negative control (86.63%), though it was less effective than acarbose (8.71%). Fasting blood glucose levels also declined significantly (p < 0.05), though the effect was not dose-dependent, and a significant 6.67% weight loss (p < 0.05) on the groups fed with 20% G. latifolium enriched meal.
Conclusion: Gongronema latifolium demonstrated strong in vitro and in vivo antidiabetic activity and weight management, comparable to standard antidiabetic agents. These findings suggest its potential as a safe, natural, and cost-effective option for diabetes management. Further studies are recommended to elucidate its mechanisms of action and evaluate long-term safety.
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1. INTRODUCTION
Diabetes mellitus is a chronic, progressive metabolic disorder characterized by persistent hyperglycemia resulting from impaired insulin production or resistance to insulin action (Patricia et al., 2017). The disease could either be as a result of insufficient production of the hormone; insulin, owing to the destruction of beta cells of the Islet of Langerhans (in which case it is referred to as Insulin Dependent Diabetes Mellitus/ Type I diabetes) or as a result of the cells’ inability to recognize insulin, owing to possible defective insulin receptors (in which case it is referred to as Non-Insulin Dependent Diabetes Mellitus/ Type II diabetes) (Patricia et al., 2017). Affecting more than 415 million people worldwide, it remains a major cause of morbidity and mortality (Choi et al., 2023; Ong, 2023; Qui et al., 2024). Chronic hyperglycemia leads to several life-threatening complications, including retinopathy, neuropathy, nephropathy, and cardiovascular disease, all of which contribute significantly to the global health and economic burden. Tai et al, (2025) suggested that type 2 diabetes mellitus (T2DM) does not only manifest abnormal glucose metabolism but also abnormal D-ribose metabolism. Where elevated level of D-ribose leads to nonenzymatic glycosylation, producing more reactive oxygen species (ROS). Harmful effect of ROS on surrounding cells and tissues has been acknowledged to be the primary cause of chronic diabetes complications such as nephropathy and diabetic encephalopathy. An early metabolic abnormality in diabetes is postprandial hyperglycemia (PPHG) which is a transient increase in blood glucose concentration above 140 mg/dL within one hour after food intake, which should normally return to baseline within two to three hours (Jarvis et al., 2023). Persistent or exaggerated PPHG has been identified as an independent risk factor for cardiovascular disease, oxidative stress, microvascular damage, cognitive decline, and cancer (Bonara and Muggeo, 2001). The recognition of PPHG as a predictor of diabetic complications underscores the need for effective therapies targeting postprandial glucose regulation.
Current antidiabetic drugs such as acarbose, metformin, miglitol, and voglibose act by inhibiting carbohydrate-hydrolyzing enzymes like α-amylase and α-glucosidase, thus delaying glucose absorption (Gong et al., 2020). However, their prolonged use is often limited by gastrointestinal side effects, including bloating, diarrhea, and abdominal discomfort, which reduce patient adherence. Newer incretin therapies, including the dual Glucagon-like peptide-1 receptor agonists (GIP/GLP-1) tirzepatide, have shown even greater glycaemic and weight-loss efficacy, positioning them as important innovations in metabolic disease management (Hamza et al., 2025). McLean (2025) has suggested that sodium-glucose cotransporter-2 inhibitors (SGLT2i) have transformed T2DM care by lowering blood glucose through urinary glucose excretion while also conferring strong cardio-renal protection. Current evidence supports the combined or complementary use of GLP-1 RAs and SGLT2i, as both classes together offer enhanced metabolic and organ-protective effects in individuals with T2DM (Aristizábal-Colorado et al., 2025). Dispite the promising and effective nature of GLP-1 RAs and SGLT2i, it has not been widely distributed and the cost of affording it is high. To overcome these limitations, there is increasing interest in exploring plant-derived bioactive compounds as safer and more effective alternatives. Medicinal plants are rich in phytochemicals capable of modulating glucose metabolism and providing antioxidant protection. Among these, Gongronema latifolium (utazi) has attracted attention due to its traditional use and reported hypoglycemic properties. Gongronema latifolium, a non-woody climbing plant from the family Asclepiadoideae, is widely consumed across West Africa for its nutritional and medicinal benefits (Anameze et al., 2023; Eguaoje et al., 2024). Commonly referred to as “Utazi” (Igbo), “Arokeke” (Yoruba), and “Utasi” (Efik/Ibibio), the plant is traditionally used in managing diabetes, malaria, hypertension, and loss of appetite (Moinuddin, 2022). Phytochemical investigations have revealed that G. latifolium contains high levels of saponins, tannins, flavonoids, phenols, and cyanides in its leaves and roots (Beshel et al., 2020; Egbung et al., 2011; Okochi et al., 2024). These secondary metabolites are known for their antioxidant, anti-inflammatory, and enzyme-inhibitory properties, which contribute to glucose regulation and protection against oxidative stress. Such biochemical characteristics support the plant’s reported antidiabetic activity and suggest that it may modulate carbohydrate metabolism and enhance insulin sensitivity. 
Given the adverse effects associated with conventional antidiabetic agents and the increasing prevalence of diabetes-related complications, exploring natural, plant-based alternatives is essential. The rich phytochemical profile of Gongronema latifolium indicates a strong potential to influence postprandial glucose levels and improve metabolic balance. 
This study, therefore, aims to evaluate the antidiabetic activity of G. latifolium leaves through both in vitro and in vivo assays, with emphasis on their effects on postprandial glucose regulation. The outcomes of this investigation are expected to provide scientific validation for its ethnomedicinal use and support the development of safer, natural, and cost effective therapeutic agents for diabetes management.
2. MATERIALS AND METHODS
2.1 Plants Collection and Identification
The plant leaves of G. latifolium were collected from Eke Awka market, Anambra State. The leaves of G. latifolium were identified by a taxonomist in Botany Department of Nnamdi Azikiwe University, Awka and subsequently deposited at the herbarium with voucher number NAUTH 34A.
2.2 Sample Preparation and Extraction
The leaves of G. latifolium were washed with distilled water and air dried in the Applied Biochemistry Laboratory sample drying room for 21 days. The dried leaves were ground into fine powdery texture using an electric blender and stored in a well labelled plastic bag; a portion of the sample was extracted with water while the other part was used intact for formulation of rat rations. Shredded G. latifolium leaves (200g) were macerated in 2 liters of deionized water and allowed to stand for 24hrs. The mixture was sieved using a muslin bag, and the filtrate concentrated using water bath at 50ºC. The extract was stored in a suitable container and preserved in a refrigerator for further use.
2.3 FEED FORMULATION
The feed was fortified with finisher feed, potato starch; and ground G. latifolium leaves in the ratio: 100:0:0, 70:30:0, 70:30:0, 60:30:10, 50:30:20 respectively according to each groups and their individual feed requirements.
2.3 PHASE 1 (in vitro Analysis)
2.3.1 α-Amylase inhibition assay 
This assay was conducted using the fraction of the sample as described using a modified procedure by Sulaimon et al., (2020). Test sample of 1 ml in 0.02M sodium phosphate buffer (pH 6.9 with 0.006M Sodium chloride) containing 1 ml of α-amylase (from Aspergillus oryzae) was pre-incubated at 25 °C for 30 min, after which 1 ml of 1% starch solution in 0.02M sodium phosphate buffer (pH 6.9) was added after incubation of the reaction mixture at 25 °C for 10min. The reaction was terminated by adding 1 ml of 3,5- dinitrosalicylic acid (DNS) colour reagent (1.0 g of DNS, 20 ml of 2M of NaOH and 30 g of Sodium potassium tartarate in 100 ml of distilled water). The sample test tubes were incubated in boiling water for 5 min and cooled to room temperature. The reaction mixture was diluted with 5 mL distilled water and the absorbance was measured at 540 nm using spectrophotometer. A control will be prepared using the same procedure replacing the extract with distilled water. The generation of reducing sugar will be quantified by reduction of 3, 5-dinitrosalicyclic acid to 3-amino-5-nitrosalicyclic acid. Acarbose was used as a positive control. The α-amylase inhibitory activity was calculated as percentage inhibition: 
% Inhibition=[(Abs control – Absfractions)]  × 100
[Abs control] 
Where Abscontrol= absorbance of control, Absfraction= absorbance of fraction
2.3.2 Yeast glucose re-uptake assay
Commercial baker’s yeast was washed by repeated centrifugation (300×g, 5min) in distilled water until the supernatant fluids will be clear and a 10% (v/v) suspension was prepared in distilled water. Various concentrations of extracts (1-5mg/ml) were added to 1ml of glucose solution (5, 10, and 25mM) and further incubated for 10min at 37oC. Reaction started by adding 100µl of yeast suspension, vortex and further incubation at 37oC for 60min. After 60min, the tubes were centrifuged (2500 ×g, 5min) and glucose was estimated in the supernatant (Revathi and Ponniah, 2016). Metformin will be taken as standard antidiabetic drug. The percentage of increase in glucose uptake by yeast cells was calculated using the following formula:
Activity % = (Abs control – Abs sample)/Abs control] ×100
(Increase in glucose uptake)	
Where Abs control is the absorbance of the control reaction (containing all reagents except the test sample) and Abs sample is the absorbance of the test sample. Absorbance will be measured at 540nm and all experiments was carried out in triplicates.
2.4 PHASE 2
2.4 1 Animal and Experimental Design
A total of sixty (60) Wistar rats were procured from Onyewuchi farms at Ifite Awka, Anambra State, and kept in the animal house of Department of Applied Biochemistry Nnamdi Azikiwe for a period of one week (7 days) for acclimatization and, fed with food and water only. After one week of acclimatization, twenty-four (24) rats were first randomly selected and divided into four groups as seen in table 1 for the postprandial hyperglycaemic analysis using the extract of G. latifolium at week zero (0). 

2.4.3 DETERMINATION OF POSTPRANDIAL GLYCEMIC EFFECT USING G. latifolium LEAVES EXTRACT AND POTATO STARCH AS CONTROL IN THE ZERO (0) WEEK.
The modified method of Lokman et al., (2023) was used to determine the postprandial glycemic effect of G. latifolium leaves. Doses of 0.25g/kg and 0.5g/kg body weight of the extract was administered to the test (treatment) groups B and C respectively. Immediately following the administration of 2g/kg of potato starch solution dissolved in 10ml/kg of distilled water. Group D standard (positive) control group was administered with 2.5mg/kg Acarbose (precose) immediately following the administration of 2g/kg of potato starch solution in 10ml/kg of distilled water. Group A (negative control received only 2g/kg of potato starch solution that is dissolved in 10ml/kg of distilled water. Glucometer was used to monitor blood glucose of the rats using tail vein blood samples at 0, 30, 60, 90 and 120 minutes’ intervals.

Table 1. Animal Grouping for Postprandial Test (0th Week)
	Group
	No. of animals
	Treatment

	Group A: (negative control)
	6
	2g/kg potato starch solution

	Group B: (test group)
	6
	2g/kg potato starch solution and 0.25g/kg body weight of utazi extract

	Group C: (test group)
	6
	2g/kg potato starch solution and 0.5g/kg body weight of utazi extract

	Group D: (positive control)
	6
	2g/kg potato starch solution and 2.5mg/kg Acarbose (precose)


Table 2. Grouping of Animals
	Group
	No. of animals
	Treatment

	Group A: (normal control)
	12
	Fed with normal feed and water

	Group B: (standard positive control)
	12
	fed with 30% of potato starch, 70% of normal feed and treated with Acarbose

	Group C: (untreated negative control)
	12
	fed with 30% potato starch and 70% normal feed

	Group D: (Test group 1)
	12
	fed with 10% G. latifolium, 30% potato starch and 60% normal feed

	Group E: (Test group 2)
	12
	(fed with 20% G. latifolium, 30% potato starch and 50% normal feed).




2.4.4 DETERMINATION OF FASTING BLOOD GLUCOSE LEVELS AT 2nd AND 4th WEEK.
After each week (2nd and 4th week), the rats were fasted over night for 15hrs. Glucometer was used to monitor the fasting blood glucose level of the rats using tail vein blood samples.
2.4.5 SACRIFICE: Rats were anesthetized with chloroform and blood samples collected by cardiac puncture. The carcasses were properly disposed by burying.
2.5 RESULTS: The means and standard deviations of the data were calculated from three independent measurements of each sample. The data analysis was carried out using Microsoft excel 2010 version and Statistical package for social sciences (SPSS), and p˂0.05 indicated significance.
2.5.1 PHASE I (IN VITRO ASSAYS)
2.5.1.1 α-Amylase inhibition assay
Table 3. shows the result of α-Amylase percentage inhibition profile of extract and standard drug.  The G. latifolium extract had a higher percentage alpha amylase inhibition at a concentration of 2mg/ml (50.95±4.18%) when compared with acarbose group (36.12±0.81%). The difference in alpha amylase percentage inhibition was significant (p<0.05) especially at 5mg/ml concentration where the extract had (43.96±3.20%), when compared with the acarbose group (27.72±1.67%). The percentage inhibition wasn’t completely dose-dependent though the least dose had the least percentage inhibition (I mg/ml: 35.90±7.71%).
2.5.1.2 Yeast re-uptake assay
Table 4. shows the result of yeast re-uptake assay, indicating a partial dose-dependent increase in percentage glucose uptake/activity by the extracts with the 2mg/ml extract having the highest (84.01±0.00%) with a substrate concentration of 25mM. Comparatively, metformin (met) had the highest percentage activity at 5mM (86.55±0.01%) but slightly reduced to (81.52±0.04%) at 25mM, while the 2mg/ml at 5mM had (52.81±0.03%), but greatly increased to (84.01±0.00%) at 25mM. This shows possible in vitro antidiabetic/hypoglycemic potential of the extract at even lower doses/concentrations.
2.5.2 PHASE II (IN VIVO ASSAYS)
2.5.2.1 Post prandial glucose profile effect and relative efficacy of the extract
Table 5. shows the determination of the anti-post prandial potential of G. latifolium. The two concentrations; 0.25g/kg and 0.5g/kg had an 11.82% and 12.78% reduction respectively on blood glucose levels after 1 hour when compared with the negative control (86.63%). This shows a high anti-post prandial potential of the extracts even when compared to the positive control that had an 8.71% reduction. This reduction was positively linear till 120 minutes especially in the 0.25g/kg group that had 18.72% reduction. The 0.5g/kg concentration had an early reduction (133.00±23.09mg/dl) effect on the glucose level until 45mins when the 0.25g/kg concentration took over to reduce the glucose level more.
2.5.2.2 Fasting blood glucose levels
Table 6. shows the fasting blood sugar levels of the animals at two-week interval for a total duration of four weeks. The negative control group had the highest significant (p<0.05) percentage increase in fasting blood glucose levels (69.65%) when compared with the 10% (25.12%) and 20% (18.51%) concentrations of G. latifolium. Also, there were significant reductions (p<0.05) in the rest of the groups; 10% and 20% concentration when compared with the positive control having the highest reduction (60.70%). The G. latifolium also led to a significant decrease in FBG though this decrease wasn’t dose-dependent.
2.5.2.3 Average weight
Table 7. shows results of the average weight of the experimental animal for each week during the four weeks’ experiment. The normal control had the highest percentage increase in weight (135.80%) when compared to the two concentrations 10 % (74.31%) and 20% (6.67%) G. latifolium. This increase in weight was significant in the normal control (103.75±1.80) and the negative control group (139.67±3.51). The animals that consumed 20% G. latifolium enriched meal had a significant reduction (p<0.05) of (6.67%) in weight when compared with the 10% (74.31%), negative group (76.77%) and the positive group (11.94%).
Table 3. Average percentage inhibition of alpha amylase by the extracts and standard drug.
	Concentration (mg/ml)
	% Inhibition by G.latifolium
	% Inhibition by Acarbose

	1
	35.90±7.71
	25.82±0.37

	2
	50.95±4.18a
	36.12±0.81

	3
	39.14±2.48
	34.44±0.08

	4
	46.34±7.63
	29.81±8.39

	5
	43.96±3.20a
	27.72±1.67




Table 4. Average glucose uptake/ activity (%).
	Extract concentration 
	5mM glucose (% activity)
	10mM (% activity)
	25mM (% activity)

	1mg/ml
	69.07±0.03
	75.20±0.01
	82.70±0.01

	2mg/ml
	52.81±0.03
	78.54±0.00
	84.01±0.00a

	3mg/ml
	69.80±0.00
	76.02±0.04
	77.39±0.00

	4mg/ml
	72.13±0.00
	79.27±0.04
	71.76±0.00

	5mg/ml
	69.80±0.00
	78.78±0.00
	71.23±0.00

	Metformin
	86.55±0.00
	80.00±0.00
	81.52±0.00




Table 5: Average glucose levels per unit time of the various animal groups.
	Groups
	0
	30
	60
	90
	120

	Positive control
	126.25±5.66
	160.75±21.22
	115.25±8.16
	112.25±6.49
	104.50±10.72

	Negative control
	101.00±3.74
	201.25±10.35
	188.50±4.99
	125.25±17.97
	90.67±11.05

	0.25g/kg G.latifolium
	81.20±6.81
	139.20±12.62
	71.60±6.19
	67.20±5.15
	66.00±6.07

	0.5g/kg G.latifolium
	72.00±2.17
	133.00±23.09
	1.20±3.81
	73.60±4.74
	69.60±3.66

	
	
	
	
	
	



Table 6: Fasting blood sugar levels taken on a 2-week interval during the experimental period.
	Groups
	0
	2
	4

	Normal control
	93.67±2.72
	83.33±2.80
	82.80±4.83

	Negative control
	94.67±4.90
	150.00±4.20
	160.60±2.09b

	Positive control
	119.17±6.92
	70.50±6.41
	46.83±5.89

	10% G.latifolium
	86.00±7.35
	88.60±3.43
	64.40±3.40a

	20% G.latifolium
	71.67±1.80
	77.80±4.86
	58.40±3.11a



Table 7: Average weights (g) of the various groups during the experimental 
period.
	Groups
	0
	1
	2
	3
	4

	Normal control
	44.00±3.43
	80.00±5.29
	87.00±4.42
	94.75±3.94
	103.75±1.80b

	10% G.latifolium
	48.00±3.54
	72.00±4.24
	71.33±9.93
	79.33±12.66
	83.67±11.07

	20% G.latifolium
	120.00±6.04
	113.00±6.12
	116.67±4.26
	116.00±4.73
	117.33±5.36a

	Positive control
	124.67±6.09
	125.83±5.24
	126.50±5.63
	125.33±3.93
	130.00±3.93

	Negative control
	79.00±2.32
	93.67±5.17
	140.00±7.04
	138.00±4.77
	139.67±3.51b



2.6 DISCUSSION: The rising prevalence of diabetes and the limitations of synthetic drugs such as side effects, high cost, and poor patient compliance, have driven global interest in plant-based therapies. Medicinal plants are increasingly recognized as effective, safer alternatives for managing diabetes (Olorunnisola et al., 2012; Adeleye et al., 2020).
In this study, Gongronema latifolium extract demonstrated significant α-amylase inhibitory activity, reaching 50.95 ± 4.18% at 2 mg/mL compared to acarbose (36.12 ± 0.81%). Although inhibition was not strictly dose-dependent, previous studies also reported similar non-linear patterns in plant extracts (Ogunyemi et al., 2020, 2022). Pregnane compounds such as marsectohexol have been identified as key bioactive agents, showing strong enzyme binding and in some cases significantly (p<0.05) inhibited the enzyme more than acarbose. Importantly, natural inhibitors like those from G. latifolium are generally associated with fewer gastrointestinal side effects than synthetic drugs.
The extract also enhanced yeast glucose uptake, peaking at 84.01% (2 mg/mL, 25 mM glucose) versus metformin’s 81.52%. Under high-glucose conditions, it even significantly (p<0.05) enhanced glucose uptake by the yeast more than metformin, suggesting potential in improving glucose clearance during hyperglycemia. In vivo, G. latifolium has been shown to lower fasting blood glucose and upregulate GLUT2 and GLUT4 expression, mechanisms consistent with improved insulin signaling (Ajiboye et al., 2019).
Regarding postprandial glucose control, the extract significantly reduced blood glucose levels achieving 42.44% and 41.29% reductions at 0.25 g/kg and 0.5 g/kg, respectively surpassing the standard drug (17.55%). These findings are consistent with studies showing improved glucose tolerance and delayed gastric emptying in diabetic models (Egbuniwe et al., 2023; Ogbu et al., 2013). Clinical observations further confirm its hypoglycemic effect: Ejike and Okolie (2008) reported a 13% reduction in postprandial glucose in humans after fresh leaf consumption. In long-term studies, G. latifolium significantly reduced fasting blood glucose (FBG), with effects comparable to metformin (Ojo et al., 2020; Chukwudozie et al., 2021). Antioxidant and anti-inflammatory phytochemicals such as flavonoids and saponins likely contribute to these effects by enhancing insulin sensitivity and protecting β-cells (Adeleye et al., 2020).
Additionally, dietary inclusion of G. latifolium helped regulate body weight. The normal control group showed the greatest weight gain, a 135.80% increase, while the positive control (acarbose-treated) group had the least (11.94%). The normal control's sustained weight gain (103.75 ± 1.80%) and the negative control’s (139.67 ± 3.51%) increases were statistically significant. In contrast, animals consuming a 20% G. latifolium‑enriched meal exhibited a significant 6.67% weight loss (p < 0.05) relative to baseline. While untreated diabetic groups experienced excessive weight gain, extract-fed groups showed weight stabilization or reduction (Ajiboye et al., 2022; Chinedu et al., 2024). This effect may be linked to reduced glucose-driven fat storage, activation of AMPK by phytochemicals, and improved energy expenditure.
2.6 Conclusion: The findings from this study demonstrate that Gongronema latifolium possesses significant antidiabetic potential, as evidenced by its inhibitory activity against alpha-amylase, enhanced glucose uptake in yeast cells, and marked reductions in both postprandial and fasting blood glucose levels. These effects were comparable to, and in some cases exceeded those of standard antidiabetic drugs such as acarbose and metformin. G. latifolium therefore appears to offer therapeutic promise as a natural antidiabetic agent with no side effect, and is affordable.
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